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A B S T R A C T
This manuscript presents the outcome of a proﬁciency test, named IMEP-118, for the determination of
total As, Cd, Pb, Hg, Sn and inorganic As mass fractions in canned vegetables (peas in brine). With this
exercise a new approach was followed by the organizers, aimed at the production of a test item identi-
cal to those screened in oﬃcial controls. A total of 127 participants from 36 countries registered to the
exercise out of which 123 reported results back.
Laboratory results were rated using z- and ζ-scores in accordance with ISO 13528:2005. Due to lack
of speciﬁc sample preparation protocol for such commodities, the participants used two different ap-
proaches. From the analytical point of view the majority of laboratories (more than 74 %) performed
satisfactorily. However, several participants (32) characterised the test item as compliant with the re-
spective EU legislation, although it was not.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Contamination with toxic elements is a global environmental and
food safety concern. The consumption of contaminated food leads
to uptake of toxic elements by humans, with the risk increasing pro-
portional to the quantity consumed. Heavy metal toxicity can affect
mental development and central nervous system function, alter the
blood composition and disturb the function of organs like kidneys,
lungs, and liver [1].
Toxic trace elements in canned foodsmay occur as a result of con-
taminationof the foodcommodityorbymigration fromthepackaging
material.Metallic food packaging ismostly composed of tinplate (tin
coated steel), chromium coated steel, or aluminium,which ismostly
coated on the inner side with a resin to protect food from coming in
contact with the metal. However, when the metal is exposed to the
food as a result of damage of the coating, corrosion is accelerated and
elements such as tin (Sn), iron (Fe), cadmium (Cd) and lead (Pb)may
be released, increasing their levels in the food [2].
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The occurrence of toxic trace elements in canned food is of great
importance and covers a large variety of food commodities [3–7].
More speciﬁcally for tin, the general population is exposed to it
through the diet with amean tin intake ranging from < 1 up to 15mg
per day. However, maximum daily intakes could reach 50–60 mg /
day for individuals who frequently consume canned fruits, veg-
etables, and juices from non-lacquered cans. Tin levels are usually
below 25 mg kg−1 in lacquered food cans, but may exceed 100 mg
kg−1 in non-lacquered ones. Tin concentrations in canned foods in-
crease with storage, time, and temperature [8].
Commission Regulation (EC) No 1881/2006 sets maximum levels
for certain contaminants in foodstuffs [9]. The following limits apply:
200 mg kg−1 for tin in canned foods; 0.2 mg kg−1 for lead in legume
vegetables, cereals and pulses; and 0.05mg kg−1 for cadmium in veg-
etables and fruits. All values refer to wet weight.
Proﬁciency tests (PTs) provide an assessment of the perfor-
mance of the participating laboratories. PTs are based on the
production and distribution to the participants of a uniform test item
with established homogeneity and stability of the target param-
eters. In the PTs organised by the European Union Reference
Laboratory for Heavy Metals (EURL-HM) expert laboratories with
demonstrated experience in the ﬁeld analyse the test item with the
aim to establish the assigned values (Xref) for the measurands under
study. The participants, benchmark theirmeasurement results against
these assigned values and the EURL-HM reports the measurement
capabilities of control laboratories back to the EU regulatory au-
thorities in charge of the respective EU policy.
In 2014, European Cooperation for Accreditation (EA) pro-
posed that it would be beneﬁcial for European laboratories to
participate in PT rounds that would include the so called “opin-
ions and interpretations” part, which requires the participants to
analyse test items as close as possible to real life samples fol-
lowed by an interpretation of their results following the respective
regulations. In taking up this recommendation a proﬁciency test
(IMEP-118) was organised by the EURL-HM aiming to: a) assess the
performance of National Reference Laboratories (NRLs), Oﬃcial
Control Laboratories (OCLs) and other interested laboratories on the
determination of total arsenic (As), cadmium (Cd), lead (Pb), mercury
(Hg), tin (Sn) and inorganic arsenic (iAs) in canned peas, b) collect
information on the various sample treatment approaches applied
by the participants when analysing canned or jarred vegetables, using
the drained product or the solid/liquid composite and c) evaluate
the ability of the participants towards conformity assessment of the
analysed test item against the relevant EU legislation.
In this exercise the test item was contained in glass jars. This
provided the best opportunity for preparation of equivalent units
and served as a model-system for legumes in damaged cans. Prep-
aration of equivalent test items in cans would have been technically
much more complicated and was therefore not considered.
This manuscript summarises and discusses the outcome of IMEP-
118 which was organised following the administrative procedure
and logistics deﬁned by the International Measurement Evalua-
tion Programme (IMEP), a PT scheme accredited according to ISO
17043:2010 [10] and owned by the European Commission. The as-
sessment of the reported results was performed on the basis of
requirements set by EU legislation [9].
2. Experimental
2.1. Preparation of the test item
A total of twenty two kilograms of frozen peas were purchased
at a local supermarket (Belgium) for the production of the test item.
As a ﬁrst step a feasibility study was carried out (i) to evaluate
the uptake/adsorption of spiked toxic trace elements on peas during
preparation, and (ii) to optimise the peas to brine ratio in the test
item. Ten units of 210 mL glass jars were ﬁlled with frozen peas
(~103 g / jar) using a vibrating feeder; then spiked brine solution
(~75 g / jar) was added. An average peas / brine ratio of 1.364 (±0.014)
was obtained. Based on this ratio 17 L of spiked brine solution were
prepared in an acid-washed 20 L polyethylene (PE) drum. The brine
had the following composition: HCl (0.01mol L−1) solutionwith traces
of HF (25 μl L−1) containing 0.3 mg L−1 As; 0.3 mg L−1 Cd; 0.2 mg L−1
Pb; 470 mg L−1 Sn and 6.9 g L−1 of NaCl. In order to achieve a high
tin concentration, SnCl2·2H2O (purity ≥99.995 %) was used. All other
elements were of Certipur ICP standards quality fromMerckMillipore
(Brussels, Belgium). HCl, HF, and HNO3 were purchased fromMerck
(Darmstadt, Germany). The brine had a pH of 2 with a salt content
of about 0.7 % (w/v). This salt concentration is comparable to the
one found in commercially available canned peas. Similarly 0.5 L of
blank solution was prepared in an acid washed PE drum contain-
ing the acids, the salt and the peas but without any spiked elements.
For the production of themain lot, 214 jarswere acid cleaned using
2 % (w/v) nitric acid and rinsed with Type 1 water (Milli-Q Advan-
tage 10 system). The jars were then dried in a clean cell and 209 jars
were ﬁlled manually with ~99 g of frozen green peas and 75mL of
spiked brine solution. The remaining 5 jars were ﬁlled with peas but
instead of using the spiked brine solution, the blank solution men-
tioned above was used. All jars were then closed in a Lenssen Twist
Off machine (Sevenum, NL) whereby sterilizable T.O. 66 lids were
placed on the jars when transported through a chamber saturated
with culinary grade steam. The lids were ﬁrmly kept in place by the
resulting under-pressure in the head space after cooling down. The
integrity of the seal could be conﬁrmed by the “sensor” on the lid
or by the “pop” sound of the lid at opening. Four of the jars ﬁlledwith
peas were then equipped with Pt-100 thermocouple probes of an
E-Val Flex system (Ellab, Roedovre, DK) to monitor the core temper-
ature in the jar during thermal sterilisation. All jars (including blanks)
were thermally sterilised at 121°C for 12 minutes using a JBTC Pilot
AR092 autoclave (Sint Niklaas, BE). The jars were then placed for con-
ditioning for 2weeks at 60°C in an Elbanton drying cabinet (Kerkdriel,
NL). The elevated temperature was applied to accelerate the migra-
tion of toxic trace elements from the liquid into the solid material
and to reach equilibrium. The peas in the jars were intact after
sterilisation and prior to dispatch.
2.2. Sample dispatch
Each participant received:
• One glass jar containing approximately 175 g of peas in brine;
• A “Sample accompanying letter” in which the measurands were
clearly deﬁned as the mass fraction of total As, Cd, Pb, Hg, Sn
and iAs in vegetables in brine. In this letter laboratories were
asked to perform two or three independent measurements and
to report the mean, the associated expanded measurement un-
certainty, the coverage factor of the associated expanded
measurement uncertainty and the technique used to perform the
measurements. The measurement results were to be corrected
for recovery. Participants were asked to follow their routine pro-
cedures for the analysis and to report results in the same way
(e.g. number of signiﬁcant ﬁgures) as they would report to their
customers. All data were to be reported on wet weight basis.
• A “Conﬁrmation of receipt form” to be sent back to PT provider
after receipt of the test material.
2.3. Homogeneity and stability study
Because of the two different sample preparation approaches fore-
seen, the homogeneity of both, drained peas and the solid/liquid
composite, was systematically investigated for all measurands. As-
suming that the stability of the test item would not depend on the
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sample preparation approach, only the stability of the solid/liquid
composite was monitored.
For the stability study the isochronous design [11,12] was applied
to 14 randomly selected test items while for the homogeneity study
10 randomly selected test items were used for each sample prep-
aration approach (drained product and solid / liquid composite) from
the lot of 214 produced jars. The measurements for the homoge-
neity and stability studies were performed using inductively coupled
plasma sector ﬁeld mass spectrometry (ICP-SF-MS) after closed mi-
crowave digestion of 1 g of sample using a mixture of HNO3/H2O2/
HF [13].
Homogeneity was evaluated according to ISO 13528: 2005 [14].
Both, the drained product and the solid/liquid composite proved
to be adequately homogeneous for all the investigated measurands.
The test material proved to be stable for 5weeks for total As, Cd,
Pb, Hg and Sn which is covering the life-time of the PT. Based on
previous experience [15,16] it was assumed that the homogeneity
and stability of the total Asmass fraction are representative of those
of iAs. The standard uncertainty contributions for homogeneity (ubb)
and stability (ust) were calculated and used for the determination
of the standard uncertainties (uref) associated to the assigned values
of the test items in compliance with ISO Guide 35 [17].
u u u uref char bb st= + +2 2 2 (1)
where uchar is the standard measurement uncertainty of the
characterization
In all cases (except iAs in the drained product) the expert labo-
ratories reported values with overlapping expanded measurement
uncertainties (Table 1). uchar was then calculated according to ISO
13528:2005 [14]:
u
p
uchar i
p
= ∑1 25 21. (2)
where p refers to the number of expert laboratories used to assign
the reference value and ui is the associated standard measure-
ment uncertainty reported by the expert laboratories.
For iAs in the drained product, expert laboratories reported values
which did not overlap within their respective expanded measure-
ment uncertainties (Table 1). uchar was then calculated according to
ISO Guide 35 [17]:
u
s
p
char = (3)
where s refers to the standard deviation of the mean values ob-
tained by the expert laboratories.
2.4. Assigned values Xref
The assigned values for the ﬁve measurands (mass fractions of
total As, Cd, Pb, Hg, Sn and of iAs) were determined by ﬁve expert
laboratories, selected on the basis of their demonstrated measure-
ment capabilities, all being accredited for elemental analysis in food
matrices.
Two sets of test items were sent to the expert laboratories: (i)
for characterisation of the drained material and (ii) for characteri-
sation of the solid/liquid composite. When applicable the draining
protocol described in the AOAC oﬃcial method 968.30 [18] was to
be applied.
The methods used by the expert laboratories for the determi-
nation of the total mass fraction were:
i. Microwave digestion with a mixture of HNO3/HF and applied
the primary method of isotope dilution inductively coupled
plasma mass spectrometry (ID-ICP-MS).
ii. Closed microwave digestion of the sample with a mixture of
HNO3/H2O2/HF applying a modiﬁed EPA-method 200.8 and
using inductively coupled plasma sector ﬁeld mass spec-
trometry (ICP-SF-MS) [13].
iii. Neutron activation analysis considered as a primary method
(NAA).
iv. Microwave digestion with HNO3/H2O2 combined with ICP/
MS analysis for total As determination.
For the iAs mass fractions the methods used were:
i. Heating with a solution of CF3COOH/H2O2 (95°C for 60 min) in
a shaking water bath and analysed by HPLC-ICP-MS [19] or
ii. Extraction using microwave irradiation (temperature ramp to
95°C – total extraction time 30 min) with HNO3/H2O2 and
quantiﬁed via anion exchange chromatography LC-ICP-MS
[20–22].
For this PT, the mean of the means provided by the expert labo-
ratories was used to derive the assigned values (Xref) according to
ISO Guide 35 [17]. Values were reported for all measurands except
for the total Hg mass fraction for which the two expert laborato-
ries reported less than 0.02 and 0.002 and mg kg−1 respectively.
Table 1
Assigned values of the measurands, their associated expanded measurement uncertainties and target standard deviations for the proﬁciency assessment (all values in
mg kg−1)
Drained product
Measurand Total As Total Cd Total Pb Total Sn Inorganic As
Results reported by the expert labs 0.111 ± 0.021 0.193 ± 0.033 0.114 ± 0.022 269 ± 37 0.106 ± 0.008
0.112 ± 0.015 0.191 ± 0.009 0.117 ± 0.006 261.2 ± 14.7 0.09 ± 0.005
0.129 ± 0.005 296.43 ± 14.1
Xref ± Uref 0.117 ± 0.018 0.192 ± 0.023 0.116 ± 0.019 275.5 ± 22.3 0.098 ± 0.020
σ (%) 0.026 (22.0%) 0.038 (20.0%) 0.025 (22.0%) 33.1 (12.0%) 0.022 (22.0%)
Solid / liquid composite
Results reported by the expert labs 0.111 ± 0.02 0.131 ± 0.024 0.091 ± 0.017 185 ± 30 0.086 ± 0.006
0.127 ± 0.008 0.129 ± 0.002 0.092 ± 0.001 209 ± 3 0.078 ± 0.005
0.124 ± 0.005 210 ± 10
Theoretical values 0.127 0.127 0.085 198.8 0.127
Xref ± Uref 0.121 ± 0.014 0.130 ± 0.016 0.092 ± 0.012 201.2 ± 16.2 0.082 ± 0.008
σ 0.027 (22.0%) 0.028 (21.5%) 0.020 (22.0%) 24.1 (12.0%) 0.018 (22.0%)
Xref : assigned value; Uref = k·uref, estimated associated expanded measurement uncertainty;
k = 2 coverage factor corresponding to a level of conﬁdence of about 95 %. Theoretical values were calculated by taking into account the spiked concentrations in brine and were
applicable only in the case of the solid / liquid composite.
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Therefore, no assessment of reported results was performed for total
Hg in any of the two matrices investigated.
The standard deviation for proﬁciency assessment (σ), for all
measurands (except Sn) was calculated using the Horwitz equa-
tion modiﬁed by Thompson [23]. Being aware of speciﬁc diﬃculties
associated to the determination of Sn and on the basis of previous
experience (IMEP-108, IMEP-114, IMEP-29 and IMEP-39) [24–27]
the EURL-HM set σ to 12 % (instead of 7 % as given by Horwitz/
Thomson equation). Table 1 presents the assigned values with their
associated expanded measurement uncertainties, (Xref and Uref), and
the standard deviation for proﬁciency assessment, σ, for the two
sample preparation approaches. The theoretical values given in
Table 1 were calculated by taking into account the spiked concen-
trations in brine and are applicable only in the case of the solid /
liquid composite.
According to the assigned values the test item was not compli-
ant with the legislation due to high total Cd mass fraction (above
0.05 mg kg−1) for both sample preparation approaches and to the
high total Sn mass fraction in the drained product (higher than
200 mg kg−1) after subtraction of the Uref.
2.5. Scores and evaluation criteria
Individual laboratory performance was expressed in terms of z-
and ζ -scores in accordance with ISO 13528:2005 [14]:
z
x X
=
−lab ref
σ
(4)
ζ = −
+
x Xlab ref
ref labu u2 2
(5)
where:
xlab is the measurement result reported by a participant;
ulab is the standard measurement uncertainty reported by a
participant;
Xref is the assigned value;
uref is the standard measurement uncertainty associated to
the assigned value; and
σ is the standard deviation for proﬁciency assessment
The interpretation of the z- and ζ-score is done according to ISO
17043:2010 [10]:
|score| ≤ 2 satisfactory performance
2 < |score| < 3 questionable performance
|score| ≥ 3 unsatisfactory performance
The z-score compares the participant’s deviation from the as-
signed value with the target standard deviation for proﬁciency
assessment (σ) used as common quality criterion.
The ζ-score states whether the laboratory’s result agrees
with the assigned value within the respective uncertainties. The de-
nominator is the combined uncertainty of the assigned value and
the measurement uncertainty as stated by the laboratory. An un-
satisfactory ζ-score can either be caused by an inappropriate
measurement or of its estimation of measurement uncertainty, or
both.
The standard measurement uncertainty of the laboratory (ulab)
was obtained by dividing the reported expanded measurement un-
certainty by the reported coverage factor, k. When no uncertainty
was reported, it was set to zero (ulab = 0). When k was not speci-
ﬁed, the reported expanded uncertainty was considered as the half-
width of a rectangular distribution; ulab was then calculated by
dividing this half-width by √3, as recommended by Eurachem and
CITAC [28].
Finally, an additional assessment was provided to each labora-
tory reporting uncertainty, indicating how reasonable their
measurement uncertainty estimation was. The standard measure-
ment uncertainty from the laboratory (ulab) is most likely to fall (case
“a”: “: uref ≤ ulab ≤ σ) in a range between aminimum uncertainty (uref),
and a maximum allowed (σ). It is unlikely that a laboratory carry-
ing out the analysis on a routine basis would determine the
measurand with a lower measurement uncertainty than the expert
laboratories (case “b”: ulab < uref). In this case the laboratory may have
underestimated its measurement uncertainty. In the case that ulab >σ,
(case “c”) the laboratory may have overestimated the measure-
ment uncertainty.
3. Results and discussion
3.1. Challenges in the organization of IMEP-118
In an attempt to organize a PT using a test item that would re-
semble routinely measured test items as close as possible, the EURL-
HM selected as test item peas in brine, contained in glass jars. Usually
test items distributed by PT providers are in the form of lyophilised
powders or pastes since it is easier to achieve homogeneity, sta-
bility and cost effective production of such matrix preparations. The
traditionally used test items are suitable for monitoring the ana-
lytical capabilities of the analytical laboratory since the analyst can
take an aliquot of the test items directly and perform the analysis.
This is why certiﬁed reference materials (CRMs) are mainly pro-
duced in these two forms. In that respect preparing and distributing
a complex test item such as peas in brine was a demanding process
since the selected test item should reach all the participants in the
same, stable and homogeneous form representing reality as close
as possible. In this study thermally sterilised peas were bottled in
glass jars. The test item was designed to mimic conditions in
damaged metallic cans due to the extremely high tin content in the
brine. The test item was expected to behave in the same way in the
analytical process as commercially available peas in either cans or
jars. In addition, Commission Regulation (EC) No 333/2007 laying
down the methods of sampling and analysis for the oﬃcial control
of the levels of lead, cadmium, mercury, inorganic tin, 3-MCPD and
benzo(a)pyrene in foodstuffs [29] clearly states that: “[. . .] In the case
of inorganic tin, care shall be taken to ensure that all the material is
taken into solution as losses are known to occur readily, particularly
because of hydrolysis to insoluble hydrated Sn(IV) oxide species [. . .].”
In this context during the production of the jars containing peas
in brine: i) the test item was incubated for 2 weeks at 60°C to ac-
celerate the migration of the analytes from the brine into the peas
[30–32]. In this way the risk of migration during the weeks that the
PT lasted was minimised avoiding heterogeneity and lack of sta-
bility of the test item. ii) HF and HCl were added to obtain a pH of
2 in order to achieve complete solubilisation of the high concen-
tration of Sn in the sample avoiding its precipitation as insoluble
Sn oxides [33].
Taking the spiked concentrations of the analytes in the brine into
consideration, their theoretical concentrations in the solid / liquid
composite were calculated (Table 1), and used as qualitative indi-
cators. It was calculated that 55 % of total As, 84 % of total Cd, 72 %
of total Pb and 78 % of total Sn migrated from the brine into the
peas, under the described conditions. The kinetics of the migra-
tion and the determination of whether the migration process had
reached equilibrium or not by the time of the analysis of the test
itemswas out of the scope of this exercise. However, the results from
the homogeneity and stability studies, the agreement between the
expert laboratories on the assigned values, and the high percent-
ages of satisfactory performances recorded from the participants,
conﬁrmed the absence of further detectable diffusion/adsorption
phenomena. The results were not affected even for the cases where
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participants rinsed the drained product before analysis (laborato-
ries L028 and N014 shown in circle in Fig. 1A). The good agreement
between theoretical and assigned values for total As, Cd, Pb, and
Sn in the solid / liquid composite is additional evidence for a stable
element content in the peas after incubation.
In the case of iAs, the brine was spiked with As (V) in the form
of arsenate. It was therefore assumed that the iAs concentration in
the solid/liquid composite would be equal to the theoretical value.
However, the iAs mass fraction in the drained product and in the
solid liquid composite was found to be lower than the respective
total As mass fractions. Especially for the solid / liquid composite
the iAs mass fraction was 35 % lower than theoretical. This may in-
dicate that the fraction of spiked iAs was transformed into different
As species. Peas are legumes with high protein content possibly
leading to the formation of either protein bound As-species, which
cannot be extracted from thematrix. For the extraction of As species
from food samples conversion of organic As species to iAs has to
be avoided. Therefore relatively mild conditions for extraction have
to be used. These mild conditions used for extraction may cause in-
complete extraction of strongly bound As species.
3.2. Laboratory results and scorings
In total 127 laboratories registered to IMEP-118 of which 123
(36 countries) submitted results and 113 of them answered the as-
sociated questionnaire. From the participating laboratories 67 (54
%) analysed the drained product and 56 (46 %) the solid/liquid com-
posite. Total As values were reported by 52 labs for the drained
product and 51 for the solid / liquid composite, total Cd by 66 and
54, total Pb by 64 and 55, total Sn by 50 and 46 and iAs by 19 and
22 laboratories respectively. In the case of two laboratories, the ana-
lysts decided to analyse the drained product and the brine separately
and to report back the results for solid / liquid composite usingmath-
ematical approaches [34].
Different sample preparation approaches (drained product or
solid/liquid composite) were used even by laboratories coming
from the same country (17 countries). This may be attributed to
the lack of clear regulations or guidelines at European and/or
national levels. European standard EN 13804:2013 recommends
the following sample preparation strategy: “Remove the sauce, brine
or other packing medium which is normally not intended to be eaten,
by draining. Include the sauce/juice when intended to be eaten” [35].
The majority of the laboratories, by answering the associated ques-
tionnaire, veriﬁed that their sample preparation strategy is based
on common sense, about what is intended for consumption and
what is not.
Among the EU countries, only Spain has a protocol which clearly
speciﬁes that processed food, canned in its natural liquid or in sauces,
should be drained before analysis and only for processed canned
fruits the liquid should be included in the analysis [36].
Taking into consideration the differences in assigned values of
the two sample preparation approaches (Table 1) it is conceivable
that contradictory assessments of compliance of the test item could
be made. In the case of total Sn the test itemmay be declared either
compliant or not, depending on the applied sample preparation
protocol.
No direct correlation could be found between the analytical
methods used by the participants and the quality of their re-
ported results [34].
For the total As mass fraction the performance of the partici-
pants analysing the drained product was better than those analysing
the solid / liquid composite (92 vs. 82%). The iAs mass fraction was
determined only by 41 laboratories out of 123. Satisfactory perfor-
mance was achieved by 84 % of all the laboratories analysing the
drained product and by 74 % of those analysing the solid / liquid
composite. In the case of the solid / liquid composite a tendency
of overestimation was identiﬁed. The use of strong reagents or harsh
experimental conditions (namely higher temperature and/or ex-
traction time as mentioned from one of the participants) may lead
to loss of information on the As-species present in the sample and
to overestimation of the actual value due to interconversion of
species under these conditions.
For the total Cd and Pb mass fractions, the participants per-
formed satisfactorily. Themajority of the reported results are in good
agreement with the assigned values for cadmium and lead in both
matrices.
For the total Hgmass fraction, both certiﬁers reported “less than”
values (0.02 and 0.002 mg kg−1). However, 23 participants re-
ported values for total Hg (9 for the drained product and 14 for
solid/liquid composite). From these 23 reported values only 9 were
lower than the lowest “less than” value (0.002 mg kg−1) meaning
that the expert laboratory should have been able to detect the rest
(if those concentrations would have been accurate). Two out of
the nine, reported method LODs higher than the value they re-
ported, and in one case the corresponding expanded uncertainty
of the value was higher than the value itself. To conclude only 2
participants reported properly values that are lower than 0.002 mg
kg−1 for the drained product and 4 for the solid liquid composite.
The experience acquired in previous PTs in which total mercury
was covered, tells us that there is a tendency to overestimation of
total mercury in food and feed matrices. Laboratory contamina-
tion has been attributed to be the most likely cause for that
overestimation.
For the total Sn mass fraction, 96 participants reported results.
The majority of them (74 and 78 %) performed satisfactorily for
the analysis of the drained product and solid/liquid composite
respectively. A larger dispersion of results than for other measurands
was observed. For example, in the case of the drained product,
results ranged from 2 to 315 mg kg−1. This could be attributed
to the combination of inherent analytical issues (namely the
formation of insoluble Sn oxides and the presence of interfering
agents depending on the technique used) [37,38] with the
lack of appropriate certiﬁed reference materials available on the
market.
Figs. 1 and 2 present the reported results for As and iAs respec-
tively, as graphs. The graphs include the corresponding Kernel density
plots, obtained using the software available from the Statistical Sub-
committee of the Analytical Methods Committee of the UK Royal
Society of Chemistry [39]. In this Figures the solid black line rep-
resents the assigned value (Xref), the dashed blue lines the reference
interval (Xref ± Uref) and the dashed red lines the target interval
(Xref ± 2σ). Laboratory results that fall between the two red dashed
lines are considered having a satisfactory performance in terms of
z-score.
The overall performance of the participants regarding the z- and
ζ-scores, is summarised in Fig. 3. Participants performed satisfac-
torily in this exercise for the determination of total As, Cd and Pb
for both sample preparation approaches (drained and solid/liquid
composite). Only 32 laboratories reported results for all ﬁve
measurands fromwhich 20 performed satisfactorily for all of them.
In the case of total Sn and iAs, there is room for further improve-
ment in terms of performance for total Sn and iAs and number of
laboratories performing the analysis for iAs.
In all cases, the percentage of satisfactory ζ-scores is lower
than that of the satisfactory z-scores, the most extreme case
being iAs with 39 % and 74 % satisfactory ζ- and z-scores, respec-
tively. As mentioned earlier the uncertainty assessment (“a”:
uref ≤ ulab ≤ σ; “b”: ulab < uref; and “c”: ulab > σ) is directly correlated
to the ζ-scoring and is presented in Table 2. The laboratories
that reported realistic measurement uncertainty estimates (case
“a”) ranged from 42 to 68 %, laboratories that underestimated
their measurement uncertainty (case “b”) from 18 – 52 % and less
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than 14 % of laboratories which overestimated their measurement
uncertainties (case “c”).
The majority of the laboratories (72) report uncertainty to their
customers, while 41 do not. Laboratories which report measure-
ment uncertainties to their customers performed better in terms
of measurement uncertainty estimation (67 % obtained “a”) when
compared to the laboratories that do not report uncertainty (41 %
obtained “a”).
(A)
(B)
Fig. 1. Measurement results and associated uncertainties (reported uncertainties shown) for the determination of total As in the drained product (A) and the solid / liquid
composite (B). Reference value (Xref): solid black line; Reference interval (Xref ± Uref): dashed lines; Target interval (Xref ± 2σ): dotted lines. Circles indicate results from labo-
ratories which before analysing the drained product have rinsed the peas with distilled water. NRLs and non-NRLs are denoted as NXXX and LXXX respectively and grouped
separately for comparative reasons.
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Laboratories reporting “less than” and “0” values were not in-
cluded in the evaluation. However, reported “less than” values were
compared with the corresponding Xref – Uref values (for each
measurand). If the reported limit value was lower than the corre-
sponding Xref – Uref, this statement was considered incorrect since
the laboratory should have detected the respective element.
In this exercise only three laboratories reported incorrect “less than”
values.
(A)
(B)
Fig. 2. Measurement results and associated uncertainties (reported uncertainties shown) for the determination of iAs in the drained product (A) and the solid / liquid com-
posite (B). Reference value (Xref): solid black line; Reference interval (Xref ± Uref): dashed lines; Target interval (Xref ± 2σ): dotted lines. NRLs and non-NRLs are denoted as
NXXX and LXXX respectively and grouped separately for comparative reasons.
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3.3. Discussion on the information extracted from the questionnaire
The associated questionnaire was answered by 113 of the par-
ticipants. Laboratories were asked to report LODs of the methods
that they used for the determination of the six measurands. Large
discrepancies in reported LODs were observed even among labo-
ratories using the same technique.
Thirty-ﬁve laboratories corrected their results for recovery while
78 did not. The recoveries reported ranged from 20 to 130 %. Labo-
ratories that reported recoveries lower than 80 % and higher than
120 % must be aware that such recoveries indicate that the analyt-
ical method used is signiﬁcantly biased and that corrective actions
should be undertaken.
From the participants, 107 answered that they are accredited for
one or more of the measurands under study. The performance of
the accredited laboratories was slightly better than for the non-
accredited ones (accredited/non-accredited: 89 /84 % for total As,
93 / 84 % for total Cd, 90 / 83 % for total Pb, 81 / 62 % for total Sn
and 82 to 75 % for iAs). All laboratories which answered to the ques-
tionnaire except 3 have a quality system in place based on ISO 17025.
In ﬁve cases the quality system is also based on ISO 9000. The ma-
jority of the laboratories regularly take part in PTs.
In the case of total As analysis, 50% of the laboratories having
unsatisfactory performance, stated to have limited (or non-existing)
experience in this speciﬁc analysis. For all the other measurands no
correlation between performance and experience existed.
Following the request from accreditation bodies to PT provid-
ers to organise PTs on “opinions and interpretations”, participants were
asked to decide on the conformity of the test item. According to the
assigned values (Table 1) the test item was not compliant with the
maximum levels (ML) given in Regulation (EC) No 1881/2006 for
total Cd in vegetables and fruits, both in the drained product and
in the solid / liquid composite, and for total Sn in canned foods in
the drained product. The concentration of total Sn in the solid / liquid
composite is equal to the ML set by the legislation (taking into con-
sideration the expanded measurement uncertainty of the assigned
value). Seventy-two laboratories declared the test item non-
compliant with the legislation for several reasons (Table 3), 32
laboratories reported that the sample item was compliant with the
legislation and could be consumed, and 19 participants did not
answer to the question.
According to Commission Regulation, (EC) No 333 / 2007 [20]
a sample should be considered as compliant with the legislation
when “ the analytical result of the laboratory does not exceed
the respective maximum level as laid down in Regulation
(EC) No 1881/2006 taking into account the expanded measurement
uncertainty”.
Fig. 3. Percentages of laboratories with satisfactory, questionable and unsatisfactory performance for the analysis of the drained product and the solid/liquid
composite.
Table 2
Uncertainty assessment (in terms of “a”, “b”, “c”) for the participating laboratories,
where “a”: uref ≤ ulab ≤ σ; “b”: ulab < uref; and “c”: ulab > σ
Uncertainty assessment “a” “b” “c”
Drained product As 24(46%) 23(46%) 4(8%)
Cd 35(53%) 23(35%) 8(12%)
Pb 36(56%) 19(30%) 9(14%)
Sn 28(56%) 20(40%) 2(4%)
iAs 8(42%) 10(52%) 1(6%)
Solid/liquid composite As 27(57%) 17(32%) 7(11%)
Cd 31(56%) 18(33%) 5(11%)
Pb 34(62%) 14(25%) 7(13%)
Sn 23(50%) 18(39%) 5(11%)
iAs 15(68%) 4(18%) 3(14%)
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Fig. 4 presents the conformity assessment of participants having
declared the test item as compliant or not compliant based on their
total Sn results. The red horizontal line represents the ML given in
Commission Regulation (EC) No 1881/2006 and the red boxes high-
light laboratories having made a wrong conformity assessment in
contradiction with their reported results / ranges.
4. Conclusions
The performance of the participating laboratories to determine
the total amount (mass fraction) of As, Cd, Pb, Hg, Sn and inorgan-
ic As was satisfactory for both sample preparation approaches. In
the case of total Sn and iAs there is room for improvement, regard-
ing not only the performance (in the case of Sn and iAs) but also
the number of laboratories carrying out the analyses (only 33 % of
the participants reported values for iAs).
In parallel, IMEP-118 clearly identiﬁed that guidelines are needed
on the sample preparation protocol to be used when analysing
canned food: drained product or solid/liquid composite. Accord-
ing to the information collected from the NRLs taking part in this
PT, among the EU countries, only Spain has such a guidance
document.
This PT evaluated also, how the reporting laboratories have as-
sessed compliance with the maximum limits given in Regulation
(EC) No 1881/2006. Although the test item was not compliant with
legislation, 32 laboratories would have allowed the product to be
placed on the European market.
Once again the need for an extra effort was identiﬁed in the eval-
uation of measurement uncertainties associated to the results, as
the number of questionable and unsatisfactory ζ-scores is system-
atically higher than those of z-scores for all analytes. Measurement
uncertainty is of paramount importance in cases of litigation and
therefore the capability of control laboratories to estimate it cor-
rectly is a fundamental requirement.
Finally PT providers should consider organising PTs based on test
items that are in the same form as the samples analysed in routine
food or feed controls. Such test items should incorporate in the pro-
ﬁciency assessment, sampling and sample preparation steps that
are critical for the performance of an analytical laboratory.
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iv: 13 (Sn)
32 (because of Cd and/or Pb)
5 (no reason)
Fig. 4. Responses of the participants to Q14 of the questionnaire concerning compliance of the test item in correlation to their respective reported results for total Sn (dia-
monds) for both sample preparation approaches. The solid line corresponds to the ML set by regulation (200 mg kg−1). The boxes highlight laboratories having made a wrong
conformity assessment in contradiction with their reported results.
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